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Background: Glutamine is the most abundant amino acid in plasma and skeletal muscles
and an important fuel for immune system cells. It has beneﬁcial anti-inﬂammatory and
antioxidant properties which may be considered as a potentially useful supplement for
athletes. The present study was conducted to investigate the effect of glutamine supplemen-
tation on oxidative stress and matrix metalloproteinase 2 and 9 after exhaustive exercise in
young healthy males.
Materials and methods: In this study, 30 healthy males (supplement =15 and control=15)
were randomly assigned into two groups. The supplement group received 0.3 g/kg BW of
glutamine along with 25 gr of sugar dissolved in 250 cc water per day. The control group
received 25 gr of sugar in 250 cc water per day. Fasting blood samples were taken at baseline and
at the end of 14 days of intervention. The participants underwent exercise until experiencing full-
body exhaustive fatigue for 16 ± 2.84 mins, and then fasting blood samples were taken. Serum
levels of TAC, MDA, MMP2, MMP9, glutathione, and hs-CRP were measured.
Results: Serum levels of MDA and hs-CRP signiﬁcantly decreased in the supplement group
(p< 0.05). The serum level of TAC signiﬁcantly increased in the supplement group (p< 0.05).
Glutathione serum levels signiﬁcantly increased after exhaustive exercise (p< 0.05). Serum
levels of MMP2 and MMP9 remained unchanged.
Conclusion: Results of this study showed that, some biochemical factors are time-
dependent and can increase or decrease over time, as well as, serum levels of hs-CRP and
MDA decreased with glutamine supplementation along with the increase in the TAC serum
levels, but this supplementation had no effect on serum levels of MMP2 and MMP9 in
exhaustive exercise.
Keywords: glutamine, oxidative stress, exhaustive exercise, MMP2&9
Introduction
Physical activity has many health beneﬁts, but it can result in the production of
molecules of free radicals and damage to cells.1 In intense physical activity,
enhanced oxygen consumption and increased Reactive Oxygen Species (ROS)
production may damage the cells.2 Moreover, high-intensity exercise may stimulate
the immune system leading to an increase in the levels of inﬂammatory biomarkers
including high-sensitivity C-reactive protein (hs-CRP) and matrix metalloprotei-
nases (MMPs) such as MMP2 and MMP9.3 MMPs are zinc-dependent endopepti-
dases involved in the degradation of extracellular proteoglycans and breakdown of
matrix proteins.4,5 Local production of matrix metalloproteinases in skeletal
Correspondence: Reza Alipanah-Moghadam
Tel +98 9141571167
Email alipanahreza9@gmail.com
Drug Design, Development and Therapy Dovepress
open access to scientiﬁc and medical research
Open Access Full Text Article
submit your manuscript | www.dovepress.com Drug Design, Development and Therapy 2019:13 4215–4223 4215
http://doi.org/10.2147/DDDT.S218606
DovePress © 2019 Nemati et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).
 
D
ru
g 
De
sig
n,
 D
ev
el
op
m
en
t a
nd
 T
he
ra
py
 d
ow
nl
oa
de
d 
fro
m
 h
ttp
s:
//w
ww
.d
ov
ep
re
ss
.c
om
/ b
y 
78
.3
8.
27
.1
30
 o
n 
11
-D
ec
-2
01
9
Fo
r p
er
so
na
l u
se
 o
nl
y.
Powered by TCPDF (www.tcpdf.org)
                               1 / 1
muscles has been observed at high levels of mechanical
stress such as eccentric or high-impact exercise.6 Also,
some studies have reported that serum levels of MMP2
and MMP9 increase after short-duration exhaustive
exercises.7 It has been reported that the MMP2 and
MMP9 may play an important role in inﬂammatory myo-
pathies in skeletal muscles.8 Furthermore, regular con-
sumption of natural antioxidants has been shown to
reduce ROS production and it may modulate inﬂammation
in exhaustive exercise.9,10 Glutamine is the most abundant
amino acid in the human body contributing to glutathione
production, as a part of the antioxidant system, and also
has anti-inﬂammatory effects.11 It has been shown that in
exhaustive exercise, glutamine depletion occurs, which
can be accompanied by tissue damage. Thus, the consump-
tion of glutamine supplements may be beneﬁcial for
athletes.12 Although a number of studies have demon-
strated possible beneﬁts of glutamine consumption in ani-
mal and human subjects,13,14 there is not enough evidence
to establish positive effects of glutamine supplementation
on inﬂammatory factors as well as MMP2 and MMP9 and
oxidative stress in relation to exhaustive exercise.15
Regarding antioxidant and anti-inﬂammatory properties
of glutamine, this study is assigned to investigate the effect
of glutamine supplementation on oxidative stress and
MMP2 and MMP9 after an exhaustive exercise in young
healthy males.
Materials and Methods
Study Design
This study was conducted at Ardabil University of
Medical Sciences, Ardabil, Iran, that was approved by
the Institutional Ethics Committee with the ethical code
of IR.ARUMS.REC.1394.112 and was recorded in the
Iranian Registry of Clinical Trials with the identiﬁcation
code of IRCT2016092129895N1 and it was conducted in
accordance with the Declaration of Helsinki. Forty healthy
individuals were recruited at the beginning of the study.
Ten individuals were excluded from the study due to lack
of cooperation and abuse of glutamine supplements. Thirty
healthy participants were selected and divided into two
groups (control group=15 and supplement group=15).
The sample size for each group included 15 individuals
using either the formula of: n= [(Z1-α/2) + (Z1-β)]
2 × (δ1
2 +
δ2
2):(µ2 - µ1)
2 or the PASS11 software.16 Participants with
heart, lung, kidney and other organ diseases, smokers,
alcohol consumers and those who follow a speciﬁc kind
of eating behavior (such as eating for losing or gaining
weight), and consumers of other supplements like vitamins
and antioxidants were excluded from the study.
Participants
The participants who volunteered for this study were 30
healthy adult males with moderate physical activity, normal
weight, and Body Mass Index (BMI) range of 18.5–25 Kg/m2
within the age range of 18–30 years old, who were randomly
assigned into two groups. Physical activity criteria of the
participants were having a moderate activity such as cycling,
fast walking, jogging, running, dancing, and swimming.
Purpose of the investigation and sport discipline such as fast-
ing, running on a treadmill until exhaustion, blood sampling
were described to the participants, and a written consent was
obtained from all the participants before ﬁlling the question-
naire. All the participants completed the general questionnaire,
and information on anthropometric factors (height and weight)
was collected at the beginning of the study. Also, explanations
on optimal conditions for cooperation, as well as how to ﬁll
out the 24 hr recall questionnaire were given to the participants
in a question -and -answer session. Participants were prohib-
ited from taking any supplements, anti-inﬂammatory drugs,
and performing intensive exercise for 3 days before the start of
the study. After obtaining the written consent form, recording
general information, assessing anthropometric factors (height
and weight), and also taking fasting blood samples, a dose of
0.3 gr of glutamine per kilogram of body weight per day with
25 gr of sugar dissolved in 250 CC water was given to the
supplement group for 14 days. On the 15th day, a plan of an
exhaustive exercise was given for both groups. Dosage and
time of glutamine supplementation were selected based on
previous studies.17,18 The control group received only 25 gr
of sugar dissolved in 250 CC water per day for 14 days.
Fasting blood samples were taken from all the participants at
the end of 14 days of intervention and immediately after the
exhausting exercise by venipuncture, and the sera were sepa-
rated. The collected sera were kept frozen at −80 ºC till
analysis.
Exhaustive Exercise
The participants fasted for 10–12 hrs prior to the test, and
then were given a plan of an exhaustive exercise. At ﬁrst, all
the participants were warmed up and trained under the
supervision of a physical education instructor for 5 to 10
mins. Afterward, the participants were given a plan of an
exhaustive exercise according to the Bruce test until experi-
encing fatigue for 16 ± 2.84 mins, and then blood samples
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were immediately taken. Bruce test is a standard maximal
aerobic test in which the subject for 3 mins at a speed of
2.74 km/h with 10% slope begins to walk on the treadmill,
secondly, at a speed of 4.02 km/h with 12% slope moves on
the treadmill for 3 mins, and the next steps involve adding
treadmill speed and adding up to 2% slope for 3 mins.19,20
Table 1 shows the slope and speed of the treadmill during
exhaustive exercise according to the Bruce test. The length
of time spent on the treadmill is considered as the test score
and can be used to estimate the VO2 max value. VO2 max is
the maximum oxygen utilizing during intense exercise.21 An
estimate of the athlete’s VO2 max can be calculated by the
Pollock’s formula (VO2 max = 4.38 × T - 3.9) based on the
total run time.22
Biochemical Information
MMP2 (EH0017) and MMP9 (EH0238) serum levels were
assayed by the standard Enzyme-Linked Immunosorbent
Assay (ELISA) kits with intra- and inter-assay CVs less than
8% and 10%, respectively. Kit detection ranges in MMP2 and
MMP9 ELISA kits were 0.5–32 and 0.313–20 ng/mL, respec-
tively. Serum samples were diluted at a ratio of 1:100 accord-
ing to themanufacturer’s speciﬁcations forMMP2 andMMP9
assay. Serum of Total Antioxidant Capacity (TAC) was mea-
sured by the colorimetric method using a standard kit
(NX2332). Kit detection range for TAC was up to 2.50
mmol/l. Malondialdehyde (MDA) serum levels were mea-
sured through the Thiobarbituric Acid Reactive Substances
(TBARS) method. Samples were heated with 0.6% thiobarbi-
turic acid (T5500) under acidic condition and after cooling, the
colored product was extracted into n-butanol. The pink color
absorbance was measured at 530 nm. The MDA standards
were prepared using 1, 1, 3, 3-tetraethoxypropane (T9889-
25ML). Immunoturbidometric method was used for measure-
ment of hs-CRP with intra- and inter-assay CV less than 2%.
Kit detection range for hs-CRP was 0.1–20 mg/l. Glutathione
serum levels were measured by standard ELISA kit with intra-
and inter-assay CVs less than 4% and 5%, respectively (ZB-
GSH-96A). Kit detection range for glutathione was
0.03–1 mM.
Nutritional Information
Food intake was recorded using 24 hrs dietary recalls for 3
days (2 weekdays and 1 weekend day) during the study.
The content of the nutrients (macronutrients and micronu-
trients) and the energy intake of the participants were
measured and analyzed by the Nutritionist software IV.
Data Analysis
Data were analyzed using the Shapiro–Wilk tests,
Independent-Samples T-test and Paired-Samples T-test.
Also, the Repeated Measures Analysis of Variance was
used to evaluate changes of biochemical parameters within
the groups at different times with a signiﬁcant level.
Statistical analysis was performed using SPSS software
22. This study was conducted with a conﬁdence level of
95% and a test power of 80%. For all tests, a P-value of
<0.05 was considered as statistically signiﬁcant.
Results
The average age of the participants in the supplement and
control groups was equal to 19.66±2.02 vs 18.73±0.7 years
old, respectively. The duration of training time was higher
in the supplement group than the control group (17.45 ±
2.79 vs 14.71±2.23 min.) (p< 0.05). Although the mean of
VO2 max was more in the supplement group than the
control group (50.77 ± 9.52 vs 44.46 ± 8.76 mL/kg/min),
but this difference was not signiﬁcant (p = 0.313).
Information on anthropometric factors and nutritional
intake in the control and supplement groups and their
comparison between the two groups are presented in
Table 2. Results of the Independent-Samples T-test showed
that there was no signiﬁcant difference regarding the vari-
ables (such as weight, BMI, calorie, and nutrients intake)
between the two groups. Calories and nutrients consumed
by both groups were the same. Glutamine supplementation
had no signiﬁcant effect on serum levels of MMP2 and
MMP9 and no signiﬁcant difference was observed in
serum levels of MMP2 and MMP9 between the two
groups at the beginning and end of the study (Table 3).
Serum levels of MMP2 and MMP9 increased and
decreased insigniﬁcantly after exhaustive exercise in the
supplement and control groups, respectively. Results
showed no signiﬁcant difference in the serum level of
Table 1 The Slope and Speed of Treadmill During Exhaustive
Exercise
Steps Time (min) Speed (km/h) Slope (%)
1 0 2.74 10%
2 3 4.02 12%
3 6 5.47 14%
4 9 6.76 16%
5 12 8.05 18%
6 15 8.85 20%
7 18 9.65 22%
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TAC at the beginning and end of supplementation between
the two groups. However, the results of the Paired-
Samples T-test revealed that serum level of TAC increased
signiﬁcantly after 2 weeks of supplementation in the sup-
plement group (P=0.003). Furthermore, the results of the
Independent-Samples T-test revealed that serum level of
Table 2 The Comparison of Anthropometric Factors and Nutritional Intake in Control and Supplement Groups
Variables Groups P value Variables Groups P value
Supplement M±SD Control M±SD Supplement M±SD Control M±SD
Weight (kg) 72.32 ± 12.6 79.27 ± 13.58 0.16 V. B1 (mg) 1.5 ± 0.21 1.55 ± 0.38 0.65
BMI (kg/m2) 22.06 ± 3.68 24.15 ± 3.92 0.14 V. B2 (mg) 1.33 ± 0.27 1.39 ± 0.35 0.62
Height (cm) 181.06 ± 4.31 180.66 ± 2.16 0.8 V. B3 (mg) 24.43 ± 8.11 23.75 ± 3.81 0.77
Cal (Kcal/day) 2463.5 ± 255.5 2553 ± 386.7 0.46 V. B6 (mg) 1.35 ± 0.46 1.1 ± 0.29 0.06
Protein (g) 95.6 ± 13.1 95.33 ± 13.3 0.96 V. B9 (µg) 121.2 ± 70.2 118.5 ± 47.7 0.9
CHO (g) 327.3 ± 32.2 346.3 ± 70.5 0.35 V. C (mg) 51 ± 35.28 56.7 ± 24.7 0.61
Total fat (g) 85.2 ± 12.1 87.4 ± 15.2 0.66 Ca (mg) 609.07 ± 221.74 634.53 ± 273.6 0.78
SF (g) 16.13 ± 2.9 19.13 ± 5.8 0.09 Fe (mg) 20.8 ± 5.47 24.2 ± 7.26 0.16
PUFA (g) 13.4 ± 4.7 13.6 ± 4.1 0.9 Zn (mg) 4.19 ± 1.04 3.41 ± 1.14 0.06
MUFA (g) 20.2 ± 3.4 22.9 ± 5.5 0.12 Cu (mg) 0.93 ± 0.26 0.86 ± 0.14 0.36
Glutamic Acid (g) 3.9 ± 1.7 3.3 ± 1.7 0.39 Mg (mg) 153.7 ± 58.38 143.2 ± 34.52 0.56
Glucose (g) 4.2 ± 3.9 3.1 ± 2.8 0.32 K (mg) 2013.8 ± 650. 3 1835.4 ± 282.9 0.34
Fructose (g) 4.3 ± 3.9 3.6 ± 3.1 0.39 Biotin (mg) 10.9 ± 10.4 10.25 ± 9.65 0.97
V. E (mg) 14 ± 3.1 15.4 ± 2.9 0.21 V. B12 (µg) 3.8 ± 1.29 4.25 ± 1.4 0.37
V.D (µg) 1.26 ± 0.93 1.5 ± 1.27 0.25 V.K (µg) 40.24 ± 26.8 52.33 ± 49.7 0.41
Abbreviations: CHO, carbohydrate; BMI, Body Mass Index; V, Vitamine; V.B9, Folic acid; Ca, Calcium; Mg, Magnesium; Cal, Calorie; MUFA, Mono unsaturated fat (g); PUFA,
Poly unsaturated fat; SF, Saturated fat; K, Potassium; P, Phosphorous; Se, Selenium; Fe, Iron; Cu, Copper; Zn, Zinc.
Table 3 The Comparison of Matrix Metalloproteinase, Inﬂammatory and Oxidant Parameters Before and After 2 Weeks Glutamine
Supplementation in Both Groups
Variables Measurement Stage Supplement Group Control Group P value
MMP2 (ng/mL) Before the intervention 38.92 ± 6.4 35.18 ± 8.35 0.18
Two weeks after the intervention 35.46 ± 7.79 32.6 ±6.76 0.29
P value 0.06 0.2
MMP9 (ng/mL) Before the intervention 924.55 ± 362.58 804.6 ± 379.45 0.38
Two weeks after the intervention 981.85 ± 288.11 988.36 ± 417.34 0.96
P value 0.5 0.3
TAC (mmol/l) Before the intervention 0.21 ± 0.02 0.22 ± 0.02 0.69
Two weeks after the intervention 0.23 ± 0.02 0.22 ± 0.02 0.83
P value 0.03* 0.2
hs-CRP (mg/l) Before the intervention 1.1 ± 0.94 1. 26 ± 0.89 0.65
Two weeks after the intervention 1.1 ± 0.71 1.92 ± 1.83 0.03●
P value 0.9 0.1
MDA (nmol/l) Before the intervention 12.15 ± 3.32 18.86 ± 15.97 0.12
Two weeks after the intervention 8.01 ± 2.95 18.07 ± 13.83 0.01●
P value 0.01* 0.8
Glutathione (GSH) (µmol/l) Before the intervention 16.06 ± 8.19 14.34 ± 9.4 0.59
Two weeks after the intervention 17.05 ± 4.59 19.73 ± 7.77 0.26
P value 0.5 0.09
Notes: Values are Mean ±SD. *P < 0.05 in paired-sample t-test vs baseline. ●P < 0.05 in independent-sample t-test between two groups
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TAC increased signiﬁcantly after an exhaustive exercise in
the supplement group compared to the control group
(P=0.01). Statistical analysis of t-test showed that, at the
end of 2 weeks of glutamine supplementation, serum
levels of MDA and hs-CRP decreased signiﬁcantly in the
glutamine supplement group compared to the control
group (p< 0.05). Results of the present study revealed
that serum levels of MDA and hs-CRP decreased signiﬁ-
cantly after an exhaustive exercise in the glutamine sup-
plement group compared to the control group (p< 0.05).
Also, results showed that glutathione serum levels signiﬁ-
cantly increased after exhaustive exercise (P=0.002)
(Table 4). Results of the Repeated Measures Analysis of
Variance showed a signiﬁcant difference in variations in
the biochemical values of TAC and MDA in the supple-
ment group compared to the control group (p< 0.05), and
also these factors changed signiﬁcantly over time in the
supplement group but not in the control group. However,
other biochemical factors in both groups showed the same
pattern changes over time.
Discussion
This studywas conducted to investigate the effect of glutamine
supplementation as a nutritional supplement with antioxidant
and anti-inﬂammatory properties after performing the exhaus-
tive exercise. Results of our study showed that supplementa-
tion of glutaminewith doses of 0.3 g/kg of bodyweight per day
for 14 days can reduce oxidative stress and improve the body’s
antioxidant system after supplementation and after an exhaus-
tive exercise, but did not inﬂuence serum levels of MMP2 and
MMP9. Previous studies have shown that intense exercise can
be followed by oxidative stress and inﬂammation.23,24
Therefore, supplementation with compounds containing anti-
oxidant and anti-inﬂammatory properties can be effective in
improving this stress response against intense exercise.25
Recently, extensive scientiﬁc attention has been paid to gluta-
mine, as the nonessential amino acid because of its antioxidant
and anti-inﬂammatory effects in humans.13,26 Antioxidant
effects of glutamine and its effects on improving antioxidant
capability have been demonstrated in several studies.27,28
Antioxidant effects of glutamine can be exerted through
Table 4 The Comparison of Matrix Metalloproteinase, Inﬂammatory and Oxidant Parameters Before and After Exhaustive Exercise in
Both Groups
Variables Measurement Stage Supplement Group Control Group P value
MMP2 (ng/mL) Before exhaustive exercise 35.46 ± 7.79 32.6 ±6.76 0.29
After exhaustive exercise 36.49 ± 7.75 35.03 ± 8.22 0.62
P value 0.16 0.9
MMP9 (ng/mL) Before exhaustive exercise 981.85 ± 288. 11 988.36 ± 417.34 0.96
After exhaustive exercise 913.58 ± 202.46 908.96 ± 412.06 0.97
P value 0.9 0.7
TAC (mmol/l) Before exhaustive exercise 0.23 ± 0.02 0.22 ± 0.02 0.83
After exhaustive exercise 0.24 ± 0.02 0.22 ± 0.01 0.01●
P value 0.01* 0.34
hs-CRP (mg/l) Before exhaustive exercise 1.1 ± 0.71 1.92 ± 1.83 0.03●
After exhaustive exercise 1.88 ± 0.8 2.5 ± 0.66 0.02●
P value 0.03* 0.02*
MDA (nmol/l) Before exhaustive exercise 8.01 ± 2.95 18.07 ± 13.83 0.01●
After exhaustive exercise 19.32 ± 8.49 30.5 ± 19.06 0.04●
P value 0.02* 0.09
Glutathione (GSH) (µmol/l) Before exhaustive exercise3 17.05 ± 4.59 19.73 ± 7.77 0.26
After exhaustive exercise 23.04 ± 8.93 14.42 ± 4.37 0.002●
P value 0.09 0.02*
Notes: Values are Mean ±SD. *P< 0.05 in paired-sample t-test vs before exhaustive exercise. ●P < 0.05 in independent-sample t-test between two groups
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participation in the synthesis of glutathione. Glutathione sys-
tem has been shown as one of the main mechanisms for
oxidative stress reduction.29 Intense exercise has been reported
to inﬂuence glutathione synthesis and utilization. In fact,
intense exercise results in glutathione depletion and muscle
damage.30,31 Moreover, reduced glutathione and increased
oxidative stress in intense exercise has been revealed to be
followed by lowering serum glutamine levels.32 Therefore, as
shown in the present study, glutamine supplementation can be
effective in increasing glutathione levels after an exhausting
exercise and prevents from sport damage.
In our study, glutamine supplementation increased TAC
serum levels and subsequently reduced serum levels of
MDA. Determination of serum levels of TAC and MDA
is one of the most important markers of oxidative stress.
MDA is a principal indicator of oxidative stress and increas-
ing in its serum level indicates an increase in oxidative
stress.33 Furthermore, TAC plays an important role against
oxidative stress and reduction of cellular damage caused by
it.34 Our results are consistent with previous ﬁndings that
reported the glutamine supplementation increased total anti-
oxidant capacity of the body and reduced oxidative
stress.35,36 Also, it has been shown that the administration
of 3 months of aerobic exercise training has been improved
systemic oxidative stress and inﬂammatory biomarkers in
individuals with metabolic syndrome.37 Moreover, gluta-
mine consumption before intense and prolonged physical
activity has been reported to prevent oxidative stress caused
by the activity.14 Also, Zang et al demonstrated that gluta-
mine intake can reduce oxidative stress by increasing the
antioxidant capacity of the body.38 Thus, the increase in the
TAC serum levels and the decrease in the MDA can result
in decreasing the oxidative stress and compounds such as
glutamine having this property can be useful in controlling
stressful conditions such as exhaustive exercise.
One of the most interesting results of our study was the
reduction of serum levels of hs-CRP after supplementation
with glutamine and also after exhaustive exercise. Studies
have indicated that hs-CRP is a sensitive marker of inﬂam-
mation and its serum level decreases by improving the
inﬂammatory process.39 In the strenuous exercise, increased
levels of oxidative stress and inﬂammatory markers have
been observed and antioxidant effects of glutamine may be
effective in reducing the inﬂammatory process.40 However,
glutamine has been found to inhibit inﬂammatory processes
by inhibiting the NF-κB pathway.41 In fact, intense exercise
results in substantially increasing in mitochondrial electron
ﬂux followed by ROS production and oxidative stress. ROS
stimulate inﬂammation through NF-κB and STAT
pathways.42 Also, ROS stimulate the production of inﬂam-
matory markers such as hs-CRP. Increased serum levels of
hs-CRP observed after exhaustive exercise in our study is in
line with ﬁndings of the study by Vincent et al.43
Inﬂammatory reaction in intensive exercise has been
reported as one of the reasons for sport injury.44 Glutamine
may play a role in improving and controlling inﬂammatory
processes.45 Thus, in this study, the reduction of the inﬂam-
matory process as a result of glutamine supplementation is
considered a very important ﬁnding because it can prevent
sport damage associated with increased inﬂammation in
sport and glutamine consumption can be beneﬁcial for
young healthy males performing intense physical activities.
In our study, exercise had no signiﬁcant effect on
serum levels of MMP2 and MMP9. Similarly, glutamine
supplementation had no effect on serum levels of MMP2
and MMP9 after supplementation and an exhaustive exer-
cise. Modiﬁcations in serum levels of MMP2 and MMP9
can be valuable factors to assess the effect of exercise on
inﬂammatory condition.46 However, there are limited stu-
dies about the effects of training on the serum alterations
in MMP2 and MMP9. Some studies have indicated that
serum levels of MMP2 and MMP9 are changed after
exercise. For example, Giganti et al15 in a cohort study
indicated that various physical activities regulate levels of
circulating MMP2 and -9 in breast cancer survivors, and
Carmeli et al revealed that high-intensity exercise invol-
ving treadmill running for 2 weeks increased levels of
MMP2 in skeletal muscles in rats and did not alter
MMP9 levels in the muscles.47 Urso et al showed an
increase in MMP9 serum levels after an acute resistance
exercise test following 8 weeks of exercise training but no
change was observed in serum levels of MMP2.48 Also,
some studies have shown that MMP2 and MMP9 are the
major MMPs involving in the exercise studies and their
levels have been found to reach peak values within
a relatively short time following a single intense
exercise.46 However, Mackey et al consistent with our
ﬁndings showed that after two exercise bouts, a 10-km
road running and a deep-water running session, serum
levels of MMP2 and MMP9 remained unchanged.49
Therefore, serum levels of MMP2 and MMP9 may be
inﬂuenced by the duration of training such as chronic
and acute exercise. Also, changes in serum levels of
MMP2 and MMP9 are probably related to different
dose–response factors of physical activities such as type,
intensity, volume, and frequency.46 These ﬁndings suggest
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that the mode of exercise and duration of exercise may
inﬂuence MMP response to exercise. However it should be
said that different methods used for the determination of
MMP2 and MMP9 levels such as muscle biopsies and
plasma concentrations can inﬂuence the evaluation of
matrix metalloproteinases.46 Hence, further studies are
required to completely explain the connection between
the role of exercise in the MMP2 and MMP9 response.
Also, considering limited evidence available about the
effects of glutamine supplementation on serum levels of
MMP2 and MMP9, our study is the ﬁrst study showed the
effect of glutamine supplementation on serum levels ofMMP9
and MMP2. However, some studies have shown the effect of
other antioxidant compounds on serum levels of MMP2 and
MMP9. In this regard, recent studies have shown that antiox-
idant compounds such as α-lipoic acid, resveratrol, quercetin
andCLA (conjugated linoleic acid) can reduce levels ofmatrix
metalloproteinase.50–53 In addition, regular intake of pomegra-
nate juice as an antioxidant during 2 weeks of intervention has
been reported to signiﬁcantly decrease MMP2 and MMP9 in
young healthy males.10 In these studies, the reduction of
MMP2 and MMP9 has mainly been related to the anti-
inﬂammatory effects of the above-mentioned compounds.
However, anti-inﬂammatory effects of glutamine have been
conﬁrmed in numerous studies.11,53,54,55 In our study, gluta-
mine supplementation did not inﬂuence serum levels of
MMP2 and MMP9. The ineffectiveness of this supplementa-
tion on serum levels of MMP2 and MMP9 can be due to
several factors such as not using higher doses of glutamine or
a short period of intervention. It seems that glutamine supple-
mentation in a short period of time has less effect or no effect
on MMP2 and MMP9 after an exhaustive exercise. There
were some limitations in this study including the measurement
of serum glutamine and the absence of proper cooperation on
the part of some participants during the study.
Conclusion
Results of this study showed that some biochemical factors are
time-dependent and can increase or decrease over time, and
also serum levels of hs-CRP and MDA decreased with gluta-
mine supplementation along with the increase in the TAC
serum levels, but this supplementation had no effect on
serum levels of MMP2 and MMP9 after an exhaustive
exercise.
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